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HVA C SYSTEM DESIGN: STEP-B Y-STEP. 




SOURCES OF INFORMATION 

TYPICAL INFORMATION 



TOPIC 

SUBTOPIC 

OR DATA 

OR DATA 

TYPICAL RESULT 

REMARKS 



. OWNER 

. BUILDING SIZE 

. WRITTEN SCOPE OF 

. OBTAIN NAMES OF PEOPLE INVOLVED, 


SCOPE OF WORK 

. ARCHITECT 

. BUILDING FUNCTIN 

WORK, SITE PLAN AND 

PHONE NUMBERS AND ADDRESSES. 




. LOCATION 

FLOOR PLANS. 

. IDENTIFY ORGANIZATION OF THE 




. FLOOR PLANS 


PROJECT TEAM. 

0 

HH 

BUDGET AND 

. OWNER 

. MECH.WORK COST LMITATION 

. Cheap System 

Private - Speculative 

H 

< 

ECONOMICAL 


. Expensive System 

Institution, Owner Occupied 

§ 

3 

CONSIDERATION. 

. ARCHITECT 

. QUALITY 

. Low / High Quality 


0 



. 1st vs, OPER COSTS 

. If 1st, Low Oper. High 


z 

hH 

0 

g 



. LIFE CYCLE COST 

. Balanced & Good Design 

Government 

CODES AND 

. OWNER 

. UBC (Year) (1) 

. A Complete List of Clearly Defines 


psj 

UJ 

REGULATIONS 

. ARCHITECT 

. UMC (Year) (2) 

the Design must Comply with 


X 

H 


. LOCAL AUTHORITIES 

. NFPA (Year) (3) 

Codes & Regulations. 


< 

0 


. GOV. AGENCIES 

. Government Standard & Regulations 



OTHER DESIGN 

. ARCHITECTURAL 

Allocated Mech. Rooms, Basics of Air Distribution. 

Awareness Of Any Special 



GROUPS 

. CIVIL 

Utilities,Sizes Locations, Pressure,Capacity, etc.... 

Limitations & Needs of the 




. STRUCTURAL 

Type of Structure Steel, Concrete, etc . 

Other Design Groups. 




. ELECTRICAL 

Power Source & Ratings 




(1) . Uniform Building Code (Year Published) Note : The Latest may not Apply - Check out. 

(2) . Uniform Mech Code (Year Published) Note : The Latest may not Apply - Check out. 

(3) . National Fire Accociation (Identify Applicable Sections). 
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HVA C SYSTEM DESIGN: STEP-B Y-STEP. 




SOURCES OF INFORMATION 

TYPICAL INFORMATION 



TOPIC 

SUBTOPIC 

OR DATA 

OR DATA 

TYPICAL RESULTS/VALUES 

REMARKS 


INDOOR SESIGN 

. Owner/ASHRAE (1). 

. Summer : 72 - 78 °F 


(1) Fundamentals 


CONDITIONS 

. Engineer to Advise Owner. 

. Winter : 68 - 72 °F. 

N/A 



(TEMP,HUMIDITY) 


. Rel. Hum : 30 - 60% (2). 


(2) Normally No Humidity Control 


OUTDOOR DESIGN 

. ASHRAE (3). 

. Summer : 2 1/2% 


(3) Decide W/ Owner Or Per Code (s) 


CONDITIONS 

Fundamentals for the 

. Winter : 97 1/2% 

N/A 

[ 1% Or 2 1/2% Or Other ] 

* 

(TEMP. DB/WB). 

Project Location 




* 

< 

VANTILATION 

. Engineer / Owner 

. Out Door Air 

10 CFM / Person 


HH 

C* 

w 

H 

AIR RATES 

. ASHRAE STD. # 62. 

. Toilet,Locker Ablution Exhaust. 

2 CFM / Ft2 




. Elec,Telecom.Security Closets. 

0.5 CFM / Ft2 


HH 

C* 

U 

z 



. Parking Garage Exhaust. 

1.5 CFM / Ft2 



. Owner 

. FT2 / Person 

100 Ft2 / Person (Offices) 


0 

hH 

POPULATION 

. Architect 

. Quantity Of People Per Room 

17 Ft2 / Person (Conference Rooms) 


m 

W 


. ASHRAE STD. # 62. 




O 

NOISE CRITERIA 

. Owner 

NC Level 

. Offices (30-45 db) 



(NC) 

. ASHRAE 


. Sound Studios (22 db) 

. Restaurant (40-45 db) 





. Duct Sizing Criteria 

0.08 - 0.1 inches / 100 Ft. 



MISCELLANEOUS 

. ASHRAE 

. Pipe Sizing Criteria 

4 ft/sec Up to 4" 






<10 ft/sec for 5" and Above 



** Also Use ASHRAE Standard No. 90. 
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HVA C SYSTEM DESIGN: STEP-B Y-STEP. 


TOPIC 

SUBTOPIC 

SOURCES OF INFORMATION 

OR DATA 

TYPICAL INFORMATION 

OR DATA 

TYPICAL RESULTS/VALUES 

REMARKS 

* 

* 

c n 

Z 

o 

H 

< 

"U"FACTORS 

. Architect (1) 

. ASHRAE 

. Wall,Floor, & Roof Details 

Wall: 0.08-0.12 

Roof: 0.06-0.10 

Unit for U factor are BTU / Ft2 - HR - °F 

(1) To Provide type of windows 

Walls,Roofs etc... Details. 

. Windows 

Single : 1.00 

Double : 0.4 - 0.6 

U 

WINDOWS SHADING 

. Architect (2) 


Single : 0.6- 1.0 

(2) Determines Type,Color Tint etc.... 

- 



. Shading Coefficients 



u 

COEFFICIENT 

. ASHRAE 


Double : .25 - 1.0 

Indoor & Outdoor Shading 

1 


. Architect (3) 

. Sensible Gain 

250 BTU /HR 


o 

PEOPLE 




(3) Number Of People 

u 


. ASHRAE 

. Latent Gain 

250 BTU /HR 


HH 

h-3 


. Electrical Group 

. Watts / Ft2 



o 

LIGHTING 



1.0- 3.0 W/ft2 

60% To Room,But Varies,Reffr to ASHRAE 

w 

u 


. ASHRAE 

. Qty & Rating Of lamps 



o 

z 

HH 

APPLIANCES & 

. Architect 

. Cooking 



< 

w 

HH 

EQUIPMENT 

. Electrical Group 

. Data Processing 

Vary, Obtain Specific Data 

3413 BTU / KW HR 

n 



. Motors, etc.... 




OUTDOOR VENTILATION 

. Design Criteria 

. Population 


(4) OA = EA + Pressure in or, 

s 

AIR LOAD 


. Air Balance & Outdoor (OA) 

Vary , To be Calcualted 

cfm/Person x No. of People 

s 



Air Rate (4) 


Which Ever is Greater 

£ 

ROOM & SYSTEM AIR 

. Heating / Cooling Load 

. Each Room SA,RA & EA 

. Interior 0.6 - 1.0 cmf / ft2 

. Rooms - Peak Loads 

fc. 

u 

DISTRIBUTION SUMMARY 

Calculation 

. System Total SA,RA, OA. 

. Exterior 1.0 - 4.0 cfm/ft2 

. System - Block Load 





. OA ~ 8 - 12% OF SA 



** Calculation Methods : 1. Manual (Use Special Forms & CLTD Method For Opaque Walls & Roofs. 


2. Computer (Trane, Carrier Programms, etc.) 

SA = Supply Air, RA = Return Air, OA = Outside Air, EA = Entering Air. 



















Air Conditioning Design & Application 


by (STig.Sameeraif-Qurcis/ii 


Table In Page: 40 


HVA C SYSTEM DESIGN: STEP-BY-STEP. 


TOPIC 

SUBTOPIC 

SOURCES 

OF 

INFORMATION 

OR DATA 

TYPICAL 

INFORMATION 

OR 

DATA 

TYPICAL 

APPLICATIONS 

REMARKS 

SYSTEM TYPE SELECTION 

AIR SYSTEM 

ASHRAE 

SYSTEMS 

VOLUME 

. Single Zone 

. Single Exposure 

. Window less building. 

. Basic type. Constant. Load Or Uniformly Varying 

. Reheat 

. More than one Exposure 

. Energy Waste fuel, use Restricted. (Energy innefficient) 

. Valiable Air Volume ( VAV) 

. Any Commercial with more than one 
Exposure Exterior zones with Reheat. 

. Most Popular Energy Efficient Inlet Vanes 

Speed Or discharge Damper 

. Induction 

. Hotels, Offices 

. High Velocity, high Pressure 

Primary Air + Room Air (Induced) 

. Dual Duct 

. Expensive Commercial 

. Expensive,Best Temp & Air Circulation Control 

. Multizone 

. More than one Exposure - Area close 
to Mechanical Room. 

. Less Expensive, Low Efficiency Similar to 

Dual Duct. 

CHILLED 

WATER 

SYSTEM 

ASHRAE 

SYSTEMS 

VOLUME 

. Central 

. More than two Buildings within 
Reasonable Distance 

. Most Economical for Most Applications 

. Decentralized 

. Distantly located Buildings 


. Variable Flow 

. Commonly Used New System 

. 2 Way Valves, Multiple Pumps, Variable Speed 

Pump's, Low Operating Cost. 

. Constant Flow 

. Older systems 

. If Secondary System and Humidity 

Control Required. 

. 3 Way Valves, High Operating Cost. 

. Primary / Secondary 

. Larger Systems with Separate 

Buildings 


. Water Cooled Condensers 

. Commonly Used 

. High Refrigration Cycle Efficiency (Lower Condencing 

Pressure) - Low Operating Cost. 

. Air Cooled 

. Possible Lower initial Cost 

. Smaller System 

. Special Cases 

. Low Efficiency ( High Condenser Pressure ) 

- High Operating Cost 




. CHW At = 10-20 °F, Longer Pipe Runs Greater At 

. Condenser Water Wet Bulb + ( 5 to 8 °F ), At = 10 to 12 °F. 
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HVA C SYSTEM DESIGN: STEPS Y-STEP. 




SOURCES OF INFORMATION 

TYPICAL INFORMATION 



TOPIC 

SUBTOPIC 

OR DATA 

OR DATA 

TYPICAL APPLICATION 

REMARKS 

Z 



. Electric Resistence 

. Mild & Warm Climates 

. Low First Cost 

0 

HH 

H 




. VAV with Reheat. 

. High Operating Cost, Unless Low Electric 

D 

Z 

HH 




. Baseboard Heating 

Rates 

H 

Z 

n 



. Hot Water 

. Colder Climates 

. Variable Flow with 2-Way Valves, New 

w 

u 

z 




. Commounly Used 

3 - Way & Const, Older Systems 

0 

hH 

H 

U 

w 





. Water Temp. Control From OA Temp (1) 

HEATING 

ASHRAE - Systems Volume 

. Steam 

. Colder Climates 

. Costly to Maintain 

M 

w 

C/0 




. Industrial Applications 


W 

Ph 

Oh 



. Natural Gas 

. Low First Cost 

. Furnaces must be Vented 

H 

5 




. Industrial Applications 


w 

H 




. Retrofit Work 


oo 

>H 

oo 



. Radiant - Natural Gas 

. High Roof 





Or Electric 

. Shops, Plants,Warehouses, etc.... 



(1) OA - OUTDOOR AIR 
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HVA C SYSTEM DESIGN: STEP-B Y-STEP. 


TOPIC 

SUBTOPIC 

INFORMATION REQUIRED 
TO SELECT Or DATA (2) 

TYPICAL INFORMATION 

IN EQUIPMENT SCHEDULE 

LIST OF MAJOR 

MANUFACTURERS 

REMARKS 

EQUIPMENT SELECTION 

AIR HANDLING 

UNITS 

. CMF Summary Calculation 
. SP (1) Calculations 

. CMF,SP,BHP Motor HP,RPM, 

Wheel Dia, & Type 

Trane, Carrier, Mcquay, AAF. 

< 50,000 Cfin Factory Fabricated 
> 50,000 Cfin Field Erected Wheels (FC,AF,BI). 

FANS 

. Same As Above 

. Same As Above 

. Trane, ILG, PENN, Flakt, Joy. 

. Centrifugal (Scroll & In - Line) 

. Propeller 

. Axial Flow 

FAN COIL UNITS 

. Cooling Load Calculations 

. Heating Load Calculations 

. MBH,CMF,SP, Motor HP. 

. Trane, Carrier, Mcquay, Lennox 

. Vertical, Horizontal 

. Cooling Heating Or Both 

AIR FILTER 

. Total CMF Rate 
. Efficiency 

. CMF,Face Velocity, SP (Clean / Dirty), 

No. Of Cartriges 

AAF American Air Filter 
Cambridge FARR. 

. Flat,Bag,High Eff. Particulate (HEPA) - For 
Clean Rooms 

. 500 FPM Max. Face Velocity. 

. Dust Filter (Weather like Saudi Arabia) 

. Oil Filter (For Hospitals) 

COOLING 

COILS 

. SA,OA, Rates 
. Phychormetric Chart 

. CMF,MBH,EAT and LAT(DB&WB),EWT 
& LWT, Fins/Inches-Rows, GPM, Face Veloc 
APD, WPD. 

Trane, Carrier, Aero Fin, Mcquay 

ity, 

. 500 FPM Max. Face Velocity 
. 3 f/s Min Water Velocity 

. 120 Fins / Ft Max. 

. 10 - 20 Ft Water Pressure Drope (PD) 

HEATING COILS 

WATER 

. Same As Above 

. CMF,MBH,EAT,& LAT,EWT & LWT, 
GPM,APD. 

. Same As Above 

. Same As Above 

HEATING COILS 

ELECTRICAL. 

. Same As Above 

. CMF,MBH,KW,EAT,LAT. 

Volts/ (}) / HZ, APD. 

CHROMALOX,BRASCH MFG., 

TRANE. 

. Open/Enclosed Elements 
. Maintain Min. Face Velocity 
. Step / SCR / Step - SCR. Controls. 

PUMPS 

. GPM, (Total All Users Rates) 

. TDH Calculations 

. GPM, TDH, BMP, Motor HP 

Bell & Gossett, Paco, Aurora, 
Thrush 

. In-Line,End - Suction 
. Split Casing (Horizontal & Vertical) 

. Turbine (Single & Multi - Stage) 

CHILLER 

. Total Tonnage 

. CHW & CW (EWT & LWT),GPM 

. Evaporator & Condenser WP 

D 

. Trane, Carrier, york, Mcquay 

. < 100 Tons Reciprocating 
. > 100 Tons Centrifugal Or Absorption 
. > 500 Tons. Use 2 Chillers Or More 

COOLING 

TOWERS 

. GPM,EWT & LWT 
.Wet Bulb Approach ( 3 ). 

. GPM, EWT & LWT, WB, Fan Motor HP 

. Baltimore Air Coil 
. Marley 

. Ceramic Cooling Tower. 

. 3 GPM / Ton If 10 °F At 
. Ceramic Popular in Saudia 

. Chemical. Water Treatment,Blow-Down,make-up Water, 
Water Filteration 

AIR DISTRIBUTION 

. Room CMF Summary 

On Layout Drawings 

. CMF 

. Face Or Neck DIM. 

. Direct of Air Flow 

. Titus 

. Barber - Colman 

. Krueger 

. 0.1" PD (Inlet - Outlet) 

. No Excessive Noise (NC) (4) 

. Proper Throw 


(1). SP - Satie Pressure (2). Manufactures Data - Catalogs and Computer Equipment Selection Programmes. 
(3). Cooling Tower Wet Bulb Aproach : 5 - 10 °F (4). See "NC" Under” Design Criteria "Sht. 2. 
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HVAC SYSTEM DESIGN : STEP - BY - STEP 


TOPIC 


SUBTOPIC 


SOURCES OF 
INFORMATION 
OR DATA 


TYPICAL 

INFORMATION OR 
DATA 


TYPICAL 

RESULTA 


REMARKS 


o 

H 

< 

Z 


o 

o 

u 

m 

£ 

w 

> 


z 

o 

HH 

m 

W 

Q 

H 

Z 

W 

o 

hJ 

w 

> 

w 

Q 

Z 

O 

HH 

m 

W 

Q 


AIRFLOW 

DIAGRAMS 


ASHRAE 

Pevious Similar Projects 
Articles ( PUBLICATION ) 
Experience 


. A Drawings Showing All Major 
AFIU'S,Fans,etc.,.,AH Lines showing 
are flow Arrangment. 


Show all Automatic Dampers Air Flow 
MonitorsAir Rates,(SA,RA,EA)Also 
Exfiltration & Air Transfer Rates (From 
Room to Room - Area to Area) 


WATER FLOW 
DIAGRAMS 


Same As Above 


. Adrawing Showing All Cooling 
Coils,Fan Coils & Other Equipment 
Using CHW,Pump,Lines,Sizes 


Provide Expansion Tank,Air Seperator, 
Chemical by-pass-Feeder,Stainers, Upstream 
Of Pump & Control Valves 


LAYOUT 

DRAWINGS 


From Engineer to Designer 


CMF,GPM,Rates,Equipment Types, 
Sizes, Catalog Cuts. 


. Layout Dwg's Showing Ducts,Pipe 
Sizes,Air Rates,Equipments, etc.... 


Develop List of Symbols Abbreviations to 
be Used on Drawings.make sure designer 
well aware of all design Criteria. 


COORDINATION 

With/ELECTRICAL 

GROUP 


Mech. Eng. / Designer 


Elec. Eng. / Designer 


M- 


M 


, List of HVAC Equipment 
, HP Ratings 
Ern e r ge ncyPqwc r 
, Lighting W/Ft2 
, Cooling Loads 
. Power Ratings 


. Coordinated Mech. & Electrical 
Design Drawings 


COORDINATION 

W/STRUCTURAL 

GROUP 


Mech. Eng. / Designer 

i i 

Struct. Eng. / Designer 


M —► S 
S —► M 


, Equipment,Weights 
, Walls,Floor,Roofs 
Penetrati ons 
Framing Plans 


Coordinated Mech. & Structural 
Drawings. 


COORDINATION 

W/ARCHITECTURAL 

GROUP 


Mech. Eng. / Designer 

I t 

Architects 



. Location of Air Outlets, 

M —► A 

Sizes etc.. 


. Location & Size of Louvers 

A—►M 

. Floor Plans Room Names 

Reflected Ceiling Plans 


. Coordinated Arch, & Mech 
Design Drawings 


REVIEW Of DESIGN 
DRAWINGS 


HVAC / Designer 

i t 

HVAC / Engineer 


E —► D 
D —► E 


Flow Diagrams 
CMF,GPM, Rates 
Equip Sizes & No's. 
Layout Drawings. 


Well Coordinated Dwg's with Min. 
Amount Of Errors and Omissions 


SPECIFICAHON & 
SEQUENCES OF 
OPERAHON 


Standard Specification (1) 
Previous Projects 
Manufacturers Data 


General Requirements 
Code References 
Submittals 
Materials & Equip 
Executions 
Tests, Guarantees. 


Well Defines Work to Make Every ■ 
Body's Life Easier Plus Save 
Owner's Money. 


(1) CSI (Construction Specification Institute) 



























